Cardiopulmonary resuscitation (CPR) is a first-aid key survival technique used to stimulate breathing and keep blood flowing to the heart. Its effective administration can significantly increase the survival chances of cardiac arrest victims. We propose 30 : 2, a videogame designed to introduce the main steps of the CPR protocol. It is not intended for certification and training purpose. Driven by the 2010 European Resuscitation Council guidelines we have designed a game composed of eight mini games corresponding to the main steps of the protocol. The player acts as a helper and has to solve a different challenge. We present a detailed description of the game creation process presenting the requirements, the design decisions, and the implementation details. In addition, we present some first impressions of our testing users (25 children, five of each age from 8 to 12 years old and 12 males and 13 females). We evaluated clarity of instructions and three settings of the game: the aesthetics of scenarios, the playability, and the enjoyability of each mini game. All games were well punctuated, and there are no significantly differences between their sex. The proposed game can be a suitable tool to disseminate and promote CPR knowledge.
Introduction
In the last years, computer-based learning has emerged as an effective tool to promote learning and develop cognitive skills [1] . This approach combines serious learning with interactive entertainment providing many benefits in terms of learning and motivation [2] [3] [4] [5] . According to Kebritchi and Hirumi [6] , there are five main reasons for the effectiveness of computer-based learning: first, it uses action instead of explanation; second, it creates personal motivation and satisfaction; third, it accommodates multiple learning styles and skills; fourth, it reinforces mastery of skills; and fifth, it provides an interactive and decision-making context. In addition, computer games provide other benefits such as complex and diverse approaches to learning processes and outcomes, interactivity, ability to address cognitive as well as affective learning issues, and motivation for learning [7] .
If we consider all these benefits and also that there is an extended use of portable gaming platforms among young people, we can conclude that computer-based games are a perfect channel to promote learning contents [8, 9] . In this context, we propose 30 : 2, a computer game designed to promote the cardiopulmonary resuscitation protocol among citizens and especially among children. The game is not intended for certification and training purpose but to increase awareness and improve knowledge about cardiopulmonary resuscitation.
Cardiopulmonary resuscitation (CPR) is an emergency lifesaving procedure that is done when someone's breathing or heartbeat has stopped. The procedure combines rescue breathing, to provide oxygen to the lungs, and chest compressions to keep oxygen-rich blood flowing until the heartbeat and breathing can be restored. Permanent brain damage or death can occur within minutes if blood flow stops. However, 2 International Journal of Computer Games Technology immediate CPR can double or triple survival rates and, CPR plus defibrillation within 3 to 5 minutes of collapse, can produce survival rates as high as 49 to 75% [10] [11] [12] [13] [14] .
Since 1960, when Kouwenhoven et al. [15] published an article stating that anyone, anywhere, could perform CPR, providing CPR has become an essential competency not only for expert but also for lay people. Different organizations, such as the European Resuscitation Council (ERC) [14] , the Red Cross, and the American Heart Association [16] , have defined guidelines that describe how resuscitation should be undertaken both safely and effectively. In addition, many countries have initiated CPR programmes to train lay rescuers in CPR and several strategies have been used to teach it including mass training [17] , or video self-instruction [18] , among others. Unfortunately, the rate of bystander CPR at cardiac arrest is still very low, less than 20% [19] . There is a lack of awareness of the availability of CPR training for the public and lack of interest [20] . Therefore, any proposal that enhance CPR dissemination and promotion will be welcome. With this idea in mind, we created 30 : 2 a computer game designed to introduce, in an enjoyable way, the main steps of the CPR protocol to children and lay people. The game is composed of eight mini games corresponding to the main steps of the CPR protocol proposed by the ERC 2010 [14] . Each mini game presents a different challenge and different levels of difficulty to maintain the attention of the player. The game name, 30 : 2, comes from the key step of the CPR protocol that performs 30 compressions and 2 ventilations.
Related Work
In this section, we briefly describe the CPR protocol which is the basis of our game. Then, we review different applications that have been proposed to learn this protocol and some of the studies that have been carried out to promote it among nonexpert audience.
The Basic Life Support Protocol.
The basic life support protocol defines the procedures that have to be carried out when a victim of a cardiac arrest is found. We will follow the protocol defined by the ERC 2010 [14] and represented in Figure 1 . According to this protocol we have to proceed as follows. (1 find and bring an automatic external defibrillator (AED) if available; or if you are on your own, use your mobile phone to alert the ambulance service. Leave the victim only when there is no other option. (6) Start chest compression and rescue breaths in a ratio of 30 : 2. To perform compressions, you must place your hands vertically above the victim's chest and press down on the sternum. Pressure depth has to be between 5 and 6 cm and at a rate of at least 100 compressions per minute, but not exceeding 120. After 30 compressions open the airway again and perform two rescue breaths, blowing steadily into the mouth while watching for the chest to rise, taking about 1 second as in normal breathing. Continue with chest compressions and rescue breathes, in a ratio of 30 : 2, and stop to recheck the victim only if he starts to wake up: to move, open eyes, and breathe normally. Otherwise, do not interrupt resuscitation. (7) If the victim recovers, put him in the lateral security position.
State of the Art on CPR
Applications. Different methods have been proposed to teach CPR. Below we describe some of them (see Table 1 for a summary).
On the one hand, there are video training applications such as Save-a-Life simulator [21] , an interactive online video simulation that tests the player knowledge of helping someone suffering from sudden cardiac arrest, and CPR-andChoking [22] , an application that provides instant information on how to perform CPR and how to aid a choking victim. On the other hand, there are handheld device applications such as CPR Game [23] , a cardiac arrest simulator on iOS platform focused on advanced CPR training; iResus [24] , an application for smart phone, designed to improve International Journal of Computer Games Technology 3 Handheld device CPR Game [23] , iResus [24] , iCPR [25, 26] , M-AID [27] , CPR simulator [21] , and LifeSaver [28] PC platform Mini-VREM [29] , AED Challenge [30] Serious games JUST [31] , MicroSim [32] , Staying Alive [33] , LISSA [34] , Relive [35] , Viva!Game [36] , and HeartRun [37] the performance of an advanced life support provider in a simulated emergency situation; iCPR [25, 26] , an iPhone application designed for both lay persons and healthcare professionals able to detect the rate of chest compressions performance by using the built-in accelerometer; M-AID [27] , a first-aid application for mobile phones that uses yes or no questions to judge an ongoing situation giving to the user detailed instructions of how to proceed; CPR simulator [21] , a set of CPR exercises including adult, child, and infant CPR simulator that runs through the CPR sequence; and LifeSaver [28] a simulator proposed by the UK Resuscitation Council that fuses interactivity with live-action film. In addition, some applications for PC platforms are Mini-Virtual Reality Enhanced Mannequin (Mini-VREM) [29] which is a CPR feedback device with motion detection technology including Kinect, sensor and software specifically designed to analyse chest compression performance and provide realtime feedback in a simulation training setting; and AED Challenge [30] , an application that provides online automated external defibrillation and CPR skill practice and testing with realistic scenarios. Finally, in the serious games context, some games for CPR training are JUST [31] , an immersive virtual reality situation training system for nonprofessional health emergency operators; MicroSim Prehospital [32] designed for prehospital training on emergency medical services; and Staying Alive [33] , an online 3D simulator which provides a learning experience of saving a virtual patient from cardiac arrest in four minutes. LISSA [34] is a serious game with actions turning around an emergency situation represented in a 3D virtual environment with the victim, the helper, and all the auxiliary tools that may require the emergency. The player has to save the victim applying the CPR actions that are evaluated and used to update the game score. When game is over LISSA returns a performance report. This game is used to complement CPR teaching. Other serious games are Relive [35] , a first person 3D adventure where the player faces different rescue situations and can test the quality of his CPR directly; Viva!Game [36] , a Web-based serious game designed to create awareness on cardiac arrest and cardiopulmonary resuscitation; and HeartRun [37] , a mobile simulation game to train resuscitation and targeted at giving school children an understanding of CPR and getting them to take action.
Focusing on the audience, different experiences have been carried out to introduce CPR among children. Uray et al. evaluated the feasibility of life supporting first-aid training as a mandatory subject for 6-7-year-old children of primary schools [38] . They stated that resuscitation skills should be learnt at school, since children are easily motivated, learn quickly, and retain skills [39] . Jones et al. indicated that children of 9 years should be taught to perform CPR, including chest compressions [40] . In addition, the good results obtained in different experiences that have been carried out all over the world have motivated associations such as the ERC, the American Heart Association, and the American Academy of Pediatrics to recommend teaching resuscitation to school children [41] [42] [43] .
From previous experiences, it makes sense to consider the development of a new game to introduce the CPR protocol to children. In addition, considering the current state of the art, we have seen that most of reported methods are based on multimedia approaches where video, text, and audio are combined to reproduce in a practical case the CPR protocol. In some cases, users can also interact by answering questions that drive them to the correct sequence of the protocol. A similar approach is followed in the case of serious games where instead of real actors they use avatars. Finally other applications just focus on the CPR maneuver. In our case, we propose a different approach to engage children attention on CPR. The axis of our game is also the CPR protocol but we consider the protocol steps independently. For each step, we create a mini game with a challenge that helps the user to retain the key procedure of the step, with enough variety of challenges to maintain the attention of the player and avoid boring him doing the same action for a long time.
Game Description
To describe the 30 : 2 videogame, we are going to follow the educational game development approach (EGDA) proposed by Torrente et al. [44] . This approach covers all tasks from game design to implementation and evaluation. It is built around four basic principles. The first is a procedure-centric approach that gives importance to capturing the procedural knowledge of the domain. In our case, this knowledge is provided by the ERC protocol that determines the steps that have to be carried out in case of sudden heart attack (see Section 2.1). The second is the collaboration between experts. In our case, the development team works in close collaboration with physicians specialized in cardiopulmonary resuscitation. The third is the agile development with agile tools. In our case, we apply an iterative process that includes analysis, game design, implementation, and quality assurance. The fourth is the low-cost game model. In our case, due to budget restriction our proposal considers 2D animations instead of 3D realistic models that require a much bigger budget. Below, we give a more detailed description of the main steps of the development process. Until professional help arrives, the victim starts to wake up, or you become exhausted is conscious
The steps of the basic life support protocol that have been selected to define the proposed game. We will create one mini game per selected step.
at our university and also at middle schools. For the school courses, they present the ERC guidelines to children, using the material provided by the ERC, and they also use a mannequin to practice. The purpose of the courses is to make children familiar with CPR concepts. The 30 : 2 game was conceived as a complement to these classes and as a way to preserve the acquired CPR knowledge. With this idea in mind, to delineate the objectives of our game, we considered the ERC guidelines presented in Section 2.1 and, assessed by the experts, we identified the steps and the key procedures of the protocol to be considered. The selected steps are represented in Figure 2 and correspond to the main case of the protocol in which the victim requires the CPR maneuver. We do not take into account the situations described in step (3a) or (5a). The pedagogical approach used to design the game is based on the experiential learning theory, where educators aim engaging learners in direct experience to increase their knowledge, skills, and values [45] . Experience occurs as a result of interaction between human beings and an environment in forms of thinking, seeing, feeling, handling, and doing [45] . In our case, this experience is going to take place in an artificial environment where a victim has to be recovered from a heart attack by applying the CPR protocol. There are five instructional strategies rooted in the concept of learning through experiences. These are learning by doing, experiential, guided experiential, case-method teaching, and combination of experiential and inquiry-based learning [6] . In our case, we considered the learning by doing strategy. Schank et al. [46] posited seven instructional events to facilitate this experience. In the analysis phase, we defined these instructional events as follows:
(1) Goals definition: our objective is to introduce the main steps of the CPR protocol to the children. With this purpose we decided to create eight mini games, one for each CPR step.
(2) Mission: the mission is to save a heart attack victim by correctly applying the CPR steps. This mission is decomposed in eight submissions one for each CPR step.
(3) Cover story: there is a heart attack victim in a park and the player has to save him. We decided to create a common scenario for all the mini games and we adapted it to each mini game's requirements.
(4) Roles: the player who acts as a rescuer.
(5) Operation scenarios: all mini games take place in a park; we will provide different views of the park depending on the actions to be carried out.
(6) Provided resources: each mini game has a different challenge. Provided resources will be adapted to it. Game instructions will be given using the keywords of the protocol steps.
(7) Provided feedback: when the challenge is achieved a well done message will appear as well as the keywords of the protocol step.
In addition, we will support different levels of difficulty to keep a high level of engagement. We will support two playing International Journal of Computer Games Technology 5 modes. In the first mode, the player will play mini games individually, one by one to reach the maximum level of each mini game. In the second mode, the player will follow the complete sequence of mini games at the same level to see the whole protocol each time. For the CPR courses, we consider that the second mode is the most suitable. To increase the chance to perform the whole CPR process, we give five lives to the player, represented as hearts. In this way if the player fails in one step he has the chance to repeat it. Having several lives, we consider that players engagement in the game will increase as well as, in turn, their intrinsic motivation [47, 48] . In addition, we also use written positive feedback to increase feelings of competence and autonomy, which in turn lead to increased motivation [49] .
Game Design.
To design the game, we considered that the player acquires the role of a helper who has to save the victim of a cardiac arrest by applying the main steps of the CPR protocol. To guide the player between mini games at the beginning of each one we present the instructions of the step protocol as highlighted keywords, with the goal that the player could retain them easily. In addition, at the end of the mini game, we show the obtained score and the achieved steps. The player has five lives represented as five hearts. To solve the mini game challenge we have a predefined time that is defined according to the level of difficulty. Below we describe the different mini games. For each mini game, we will describe its pedagogical objective which is related with some procedure of the protocol, the scenario, the challenge, the interaction required to achieve the challenge, how we create the different levels of difficulty, and the messages with keywords.
Mini Game 1 (Isolate Victim
. This mini game is related with step (1) of the protocol. Its pedagogical objective is to transmit to the player that when there is a victim the helper has to check the perimeter to make sure the situation is safe. We designed a game where the main scene is a park with a lot of people. People are represented as hearts of different colours and the victim as a broken heart. All hearts are on movement and the player has to press on the broken heart. Then, it will appear a security perimeter represented as a circle around the victim. The player has to move hearts out from the perimeter to isolate the victim. In this case, the player interacts by pressing on the broken heart and dragging and dropping on the hearts inside the security position. To create the different levels of difficulty we increase the number of hearts and also the used colours. At the beginning, all hearts have the same colour and then, as level of difficulty increases, new colours are added. In addition, time will be adapted to the level, allotted time decreases when difficulty level increases.
The text that appears in the game corresponds to keywords of the represented step. Before starting the game, a screen appears with the current score, the level of difficulty, and the game instructions. In this case, the text is find and isolate the victim. Once the game starts, the message find the victim and isolate it appears. At the end, the message victim is in a secure position appears.
Mini Game 2 (Check Conscious).
This mini game is related with step (2) of the protocol. Its pedagogical objective is to transmit that to check the victim conscious; the helper has to shake his shoulder and ask if he is all right. We designed a game where the scene is a frontal view of the victim with the helper hand on the victim shoulder. In addition, there are glyphs with a question mark on the screen. These are of different colours and shapes; some icons add points and others subtract. Each time we click on a correct glyph, the hand will move victim shoulder to simulate the shaking procedure. The player has to achieve as much points as possible by pressing the correct glyphs. In this case, the player interacts by pressing on the correct icons. The levels of difficulty are related with the number of glyphs that appear and also their speed; the greater the difficulty, the greater the number of glyphs and speed. In addition, playing time will be adapted to the level; allotted time decreases when difficulty level increases.
As in the previous mini game the text that appears in the game corresponds to keywords of the represented step. Before starting the game, a screen appears with the current score, the level of difficulty, and the game instructions which are check victim's response. Once the game starts the message press blue and yellow glyphs appears. In the middle of the game the message are you all right appears and at the end, the message victim is unconscious appears.
Mini Game 3 (Ask for Help).
This mini game is related with the first part of step (3b) of the protocol. Its pedagogical objective is to transmit that if the victim is not conscious, the helper has to shout for help. We designed a game where the scene represents a helper beside the victim. The helper has a speech balloon that has to be completed with the word help. Glyphs with letters fall down from the top of the screen and the player has to select the letters to write help. If letters are not selected in the correct order, he has to start again. The player has to complete the help word in the available time. In this case, the player interacts by pressing on the glyphs with the correct letters. The levels of difficulty are related with the falling speed of icon letters. In addition, time will be adapted to the level; allotted time decreases when difficulty level increases.
Again the text that appears in the game corresponds to keywords of the represented step. Before starting the game, a screen appears with the current score, the level of difficulty, and the game instructions which are Ask for Help. When the game starts the text press the correct letters appears as well as, at the end, well done! Help is on the way!
Mini Game 4 (Check Breath).
This mini game is related with the first part of step (3b) and step (4) of the protocol. Its pedagogical objective is to transmit that if the victim is not conscious, in order to check breath the helper has to perform the tilt and chin lift by correctly placing hands on the head and move the victim's head back to open air way. Then, look at the thorax to see if it is moving and, finally, listen if the victim is breathing. We designed a game with the victim lying on the floor. We have a lateral view of his body and different glyphs representing right and left hands, ears, and eyes that will appear on the screen. The player has to select the hands and drop them to the correct head position to perform the tilt and chin lift. Then, place an eye glyph on the thorax and the ear near the victim's face. In this case, the player interacts by pressing on the glyph and dragging it to the correct position. The levels of difficulty are related with the number of glyphs and their speed. In addition, time will be adapted to the level; allotted time decreases when difficulty level increases.
The message that appears before starting the game is check breath by performing tilt-chin maneuver; look at the thorax and listen respiration. Once the game starts the messages drag hands to correct positions and place eye on the thorax and ear on the face appear. The final message is victim is not breathing.
Mini Game 5 (Call Emergency).
This mini game is related with step (5b) of the protocol. Its pedagogical objective is to transmit that if the victim is not breathing, the helper has to call emergency number and ask for a defibrillator. We designed a game where the scene represents the front face of a mobile showing the numbers and the screen to see the dialed numbers. The player has to dial the correct emergency number in the available time. In this case, the player interacts by pressing on the phone numbers. To obtain different levels of difficulty the phone numbers change their position. In addition, time will be adapted to the level; allotted time decreases when difficulty level increases.
The message that appears before starting the game is call emergency and ask for a defibrillator. Once the game starts the message call emergency appears as well as, at the end, well done! Emergency is on the way.
Mini Game 6 (Remove Clothes).
This mini game is related with step (6) of the protocol. Its pedagogical objective is to transmit that we need to uncover the thorax of the victim to perform the CPR maneuver. We designed a game where the scene represents a front plane of the victim with different layers of clothes (a scarf, a jacket, a shirt, etc.). The player has to remove, in the available time, all the clothes until thorax is uncovered. In this case, the player interacts by pressing on the screen following the shape of the scarf and the zip or pressing on the buttons. The levels of difficulty are related with the layers of clothes, which increase with the level of difficulty. In addition, allotted time will be adapted to the level; allotted time decreases when difficulty level increases.
The message that appears at the beginning is remove clothes to uncover thorax. Once the game starts, the message remove clothes appropriately appears as well as, at the end, well done! Thorax uncovered.
Mini Game 7 (Perform CPR).
This mini game is related with step (6) of the protocol. Its pedagogical objective is to show the key maneuver of the CPR protocol. The player should learn how to place hands position and where, the rhythm, and the number of compressions that has to be done. In addition, he has to learn that after compressions he has to perform two rescue breaths in a ratio of 30 : 2. Moreover, he has to learn that compressions are at least of 5 cm. We designed a game with a set of icons to select correct hand positions and placement. In addition, there is a central menu with two icons one for compressions and the other for ventilations, an indicator to show compression depth and another to indicate ventilation degree. This menu has a central board to indicate if maneuver is correct or not. The four considered degrees of correctness are critic, bad, good, and perfect. The player has to perform compressions and ventilations correctly. The player interacts pressing on the correct icons. In this case, the levels of difficulty are related with the accuracy at which CPR maneuver is performed.
The message that appears at the beginning is perform CPR maneuver. Once the game starts, the messages that appear are select correct hands position, perform 30 : 2, and put defibrillator patches. At the end, the final message is well done! The victim has recovered.
Mini Game 8 (Security Position).
This mini game is related with the last step of the CPR protocol. Its pedagogical objective is to show the movements that have to be done to place the victim in the lateral security position. In this position, the mouth is downward so that fluid can drain from the patient's airway; the chin is well up to keep the epiglottis opened. Arms and legs are locked to stabilize the position of the patient. We designed a game where the scene represents a lateral view of the victim. The player has to press on the correct parts of the body and perform the correct movements to place the victim in the security position. The player interacts by pressing on the correct part of the victim's body and dragging it to the correct position. In this case, the levels of difficult are related with the available time which decreases when difficulty level increases.
The message that appears at the beginning is place the victim in the lateral security position. Once the game starts the message that appears is press on the body parts and move and at the end well done! Victim is in lateral security position.
Implementation.
To implement the game we used Unity3D, a cross-platform game engine, that can support Mac OSX and WindowsXP/Vista/7/8. It supports three scripting languages: JavaScript, C#, and a dialect of Python called Boo. All three are equally fast and interoperate, and can use the underlying. NET libraries support databases, regular expressions, XML, file access, and networking. Although scripting is frequently considered as limited and slow, in Unity3D scripts are compiled to native code and run nearly as fast as C++. In the project, all the game scripts have been programmed in C#.
The proposed game has been programmed as a finite state machine, where each state can contain different state machines. We used a generic home-implemented state machine library to implement the game flow. This library allows the definition of each state machine, the states that compose it, the actions each state will perform, and its transitions, in a very detailed way. The library only needs International Journal of Computer Games Technology the user to define what a particular element requires: (i) for each state machine, we have to define the first state to be executed; (ii) for each action, we define the actual action that it will perform; (iii) for each transition, we define the condition for the transition and the next state to which it will move if condition is true (this allows the reutilization of transitions if the condition and destination match); and (iv) in each state, we define the list of actions that it will perform, the substate machines it contains (if any), the transitions it has, and if it is a final state. All the implementation references are generic and are checked during compilation. In this way, we ensure that all references are correct and avoid the continuous errors search. In addition, since elements are not instantiated until they are needed, performance increases considerably. The library also contains a static class that is used as a log. This class allows the subscription of delegates to the class, so that subscribed functions receive the log messages. We have also implemented a library to control scores. This library stores the score independently for each level, allowing us to personalize each level and how it calculates its score and stores them in a manager that allows us to determine what to do with the obtained scores. An important feature of the proposed implementation is that it can be easily upgradable to new CPR guidelines. When the user starts the game, the general state machine will be initialized and this will initialize player information such as the score. The first state of this machine is the first mini game, Isolate Victim. When the Isolate Victim mini game starts, the difficulty level information and the submachine of the selected level are initialized. In the first state of this submachine, the user has to press on the broken heart. The action that allows pressing on all the hearts will be activated. When the player presses a heart it checks if it is the broken one or not. If it is an unbroken one, it will remain in the same state; otherwise, it will activate the transition to go to the next state. In the new state, the action to remove unbroken hearts from the perimeter of the broken one will be activated.
In this state, we continuously control that no hearts are into the perimeter. If there are, it remains in the same state. Once no more hearts are into the perimeter no more transitions are possible. Since this state is the last one, the submachine will finish and will inform its father state that it has finished. The father state will notify the score of the completed level to be stored in the score manager. Then, according to the game mode and the level, it will go to the next mini game or to the next level of the same mini game.
Quality Assurance.
To ensure the game was stable and free of programming errors we continuously perform tests at different levels. We also used as testers members of our laboratory not related with the project but familiar with video games. Once all mini games were approved by our team, we performed tests with nonexperimented users with special attention to children. During tests we analysed playful experience to ensure that mini games were enjoyable enough. During these tests different proposals were done by the users and these led to different modifications on the mini games. To test the educational value after a testing session, we asked users to write the eight steps of the protocol to evaluate if they were able to reproduce them. In all the tests, they were able to do it.
Results
To present the results we will show different screens of the game grouped by mini games. For a complete demo of the game you can visit http://gilabparc.udg.edu/jocs/30 2/trailer .mov.
First images corresponding to some of the menus are presented in Figure 3 . From (a) to (d), we can see the main screen with the game logo (see Figure 3(a) ); the menu to select the playing modes (Full to play all the steps of the protocol, Survival to achieve the upper level of one mini game before playing the next mini game, Scores to check the score, and Exit to exit the game); the menu to select the mini game we want to play (see Figure 3 (c)); and the selector of the difficulty level once the game has been selected (see Figure 3(d) ). Figure 4 corresponds to the Isolate Victim mini game. From (a) to (d), we can see the init screen with game instructions and a timer that indicates when the game will start. We can also see the number of lives that the player has, in this case five hearts (see Figure 4(a) ). This screen configuration is the same for all the mini games. The second image indicates what we have to do to isolate the victim. Note that we have hearts of different colours (see Figure 4(b) ). Once we have pressed on the broken heart, the security perimeter appears and we have to isolate the victim as the message indicates (see Figure 4(c) ). The last screen is the one that appears when the game is over. It indicates that the victim and the helper are in a secure position (see Figure 4(d) ). Figure 5 corresponds to the Check Conscious mini game. From (a) to (d), we can see the init screen with game instructions (see Figure 5(a) ). The second image indicates what we have to do to check consciousness: press blue and yellow icons (see Figure 5(b) ). Once we have pressed on the correct icons we will see how the hand moves the victim's shoulder (see Figure 5(c) ). The last screen indicates that victim is unconscious (see Figure 5(d) ). letters are selected they appear in the speech balloon (see Figure 6 (c)). The last screen indicates that help is on the way (see Figure 6(d) ). Figure 7 corresponds to the Check Breath mini game. From (a) to (e), we can see the init screen with game instructions indicating that we have to perform the tilt-chin maneuver and look and listen for breath (see Figure 7(a) ). The second image shows the different icons of the game. As you can see, there are left and right hands to perform the tilt-chin maneuver and eyes and ears to look and listen. The icons have to be placed in the correct parts of the body victim (see Figure 7(b) ). Once hands are correctly placed, the helper hands appear to show the correct hands placement on the victim (see Figure 7(c) ). The next screen shows the helper head position which appears once eye and ear icons are correctly placed (see Figure 7(d) ). The last screen indicates that the victim is not breathing (see Figure 7 (e)). Figure 8 corresponds to the Call Emergencies mini game. From (a) to (d), we can see the init screen with game instructions (see Figure 8(a) ). The second image shows the phone with all the numbers (see Figure 8(b) ). During the game, the numbers change their positions (see Figure 8(c) ). The last screen indicates that emergencies are on the way (see Figure 8(d) ). Figure 9 corresponds to the Remove Clothes mini game. From (a) to (d), we can see the init screen with game instructions that indicate we have to uncover the victim thorax (see Figure 9(a) ). The second image shows the victim with all the clothes (see Figure 9(b) ). The next one shows the victim once the scarf and the jacket have been removed (see Figure 9(c) ). The last one shows the victim with the uncovered thorax (see Figure 9 (d)). Figure 10 corresponds to the Perform CPR mini game which represents the key point of the protocol. From (a) to (d), we can see the init screen with game instructions (see Figure 10(a) ). To start the game, the player has to select the correct hand positions. There will appear icons with different hands positions and the player has to select the correct one (see Figure 10(b) ). Figure 10 (c) represents the menu designed to control compressions and ventilations performance. In the middle of this board we can see if the performed action has been correct or not. Note that in the board we can also see the number of compressions and ventilations that have been performed and also indicators of the compression depth and ventilation degree. Once the maneuver has finished the defibrillator arrives and the player has to place the patches in the correct place (see Figure 10(d) ). Figure 11 corresponds to the Security Position mini game. From (a) to (e), we can see the init screen with game instructions (see Figure 11(a) ). To start the game, the player has to move the victim by pressing on arms or legs of his body (see Figure 11(b) ). Once the correct part is pressed, an icon appears as the one showed at the bottom of Figure 11(c) . In next figure, we can see the victim after moving his arm (see Figure 11(d) ). The last image represents the victim in the lateral security position (see Figure 11 (e)).
First Users' Impressions.
To test the game we selected 25 children, five of each age from 8 to 12 years old, and 12 males and 13 females. They played the game as many times as they wanted and then, we asked for clarity of instructions and three settings of the game: the aesthetics of scenarios, the playability, and the enjoyability of each mini game. For all four questions users should answer their impression in a scale from 1 to 5 where 1 recalls to I do not like at all and 5 to I like a lot. In order to summarize the results, a mean of all three settings was calculated. Table 1 shows mean and standard deviation of answers. Regarding the clarity of instructions, all 8 mini games have values higher than 3 and 6 of them (1, 2, 3, 5, 6, and 7) even higher than 4. On the other hand, the settings mean presents the same results except in Game 8 with a mean of only 2,43. The last column of Table 2 shows there is no significant difference between sexes on the answer, according the values obtained by a Mann-Whitney test. Due to the low size of our sample we plan to repeat the experiment with a larger one.
Conclusions and Future Work
The correct application of cardiopulmonary resuscitation protocol can increase the chances of survival for victims of cardiac arrest. Due to the importance of this procedure, many initiatives have been proposed to disseminate it. However, it is still unknown for a large number of people, and new strategies to promote it are needed. In this paper, we have proposed a game with this purpose and specially targeted to children. Following the cardiopulmonary resuscitation guidelines proposed by the European Resuscitation Council 2010 and assessed by experts, we have converted the main procedures of these guidelines into eight different mini games. Each mini game represents one of the key processes of the protocol and is presented to the player as a challenge. Playing with them makes the player learn the protocol.
Our first experiments show us the suitability of the game as a channel to disseminate the protocol, mainly among children. As an immediate work we will update the game to adapt it to the ERC guidelines proposed in 2015 and we will create/improve the scenarios and challenges to preserve the player interest. For instance, in mini game five, we will include the dispatcher assisted CPR instruction. Moreover, we will carry out a further evaluation with a larger sample. In addition, we will evaluate the efficacy of the game to improve the willingness and quality of basic life support in a clinical setting. 
